Toluidine blue is an important tool to detect and document genital and perianal injuries following sexual assault. Application of toluidine blue dye and its subsequent removal from unstained areas by means of a destaining reagent, such as diluted acetic acid or a lubricant has been shown to increase the detection rate of posterior fourchette lacerations from 16% to 40% in adult rape victims. Currently, limited information on toluidine blue positive findings in sexually active control groups imposes some/imitation on the interpretation of these injuries. Because injuries could otherwise be attributed to improper handling of an examination speculum or the improper insertion of the examining finger, the toluidine blue test should be performed prior to any digital or speculum examination and thus prior to the collection of forensic e,~idence. For forensic DNA identity testing, it becomes pertinent to determine whether toluidine blue and the destaining reagents used in a sexual assault examination have an adverse effect on the recovery of high molecular weight DNA from postcoital vaginal swabs and thereby have an impact on restriction fragment length polymorphism (RFLP) analysis or PCR-based tests. It is known that some of the lubricants used can have a destructive effect on sperm motility. In order to investigate the potential effects, postcoital vaginal swabs were taken 6 h after sexual intercourse and exposed directly to 1% toluidine blue in aqueous solution, 1-10% acetic acid, and various surgical and vaginal lubricants. Subsequently, the DNA was isolated and DNA identity typing (RFLP and PCR-based) was performed. The results demonstrate, that these reagents have no negative effect on the ability to obtain DNA profiles, either RFLP or PCR-based, from shallow and deep vaginal swabs. The quantity and quality of extractable high molecular ~Research scientists, and director, respectively, Institute of Legal Medicine, University of Berne, Switzerland.
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There are more than 90,000 rape cases brought to the attention of official investigators per year in the United States. Unfortunately, many rape victims do not have sufficient signs on physical examination to support their history (1, 2) . In a study of 2190 female rape victims in Washington, D.C., only 20% had signs of trauma or the corroborative evidence of a witness to indicate that sexual assault has occurred (3), in another study of 117 cases of female rape, only 19% had genital lacerations that could be used to substantiate the victim's claim (4) . Other authors have noted a less than 15 %-20% incidence of detectable genital trauma in the examination of alleged rape victims (3, 5, 6, 7, 8, 9, 10) .
In an effort to collect more objective evidence of traumatic intercourse, Lauber and Souma, in 1982, developed a simple dye test to help detect lacerations in the genital area (11) . Prior to the insertion of a speculum or the examining fingers, a 1% aqueous solution of toluidine blue is applied to the posterior fourchette and the perineum using cotton tip applicators. After drying for a few seconds, excess dye is removed either by spraying with 1% acetic acid or by gently wiping with a cotton ball moistened with lubricating jelly. Linear areas retaining a deep royal blue stain are interpreted as positive (Fig. 1) .
Toluidine blue, a general nuclear stain, was first used by Richard, in 1963, for outlining areas of dysplasia and carcinoma in situ of the cervix (12) . Niebel, in 1964 , has used toluidine blue in the oral cavity to delineate neoplastic areas (13 (16) , evaluated the test in victims of sexual abuse. As used in vivo, the stain result depends on the presence or absence of a nucleated cell population at the exposed surface. Normal vulvar skin surface contains no nuclei and will not bind this dye. A positive stain is seen in areas of excoriation and laceration, because these areas expose deeper dermis that contains nuclei. Toluidine blue clearly highlights genital and perianal lacerations that were questionable or not seen before dye application.
A positive toluidine blue test is supportive though not conclusive evidence of sexual assault. Because of the appearance of unequivocal lacerations after consenting intercourse, the usefulness of this test in evaluation of rape victims may be challenged. However, consent for coitus does not preclude trauma, just as absence of trauma does not provide proof of consent. Vaginismus and improper coital technique may be responsible for superficial lacerations in willing participants in intercourse. A study by Lauber and Souma showed that trauma is rare in consenting intercourse. Only 4% of adult women displayed posterior fourchette lacerations following voluntary intercourse, and all of those complained of dry and painful intercourse (11) . McCauley reported that 10% of a control group of consenting women who had voltmtary intercourse within 48 b of examination had lacerations noted with toluidine blue application. McCauley et al. showed that adult rape victims are 16 times more likely to have toluidine blue highlighted lacerations than adult control individuals following voluntary intercourse (15) . The sanae authors report, that the presence of posterior fourchette lacerations in a child less than 10 years of age is an important and perhaps specific physical finding and strongly suggestive of sexual abuse. The incidence of lacerations in this sexually abused group was 33%, whereas none of the control children had ~ny lacerations detected (15) . However, in the adolescent population (11 to 18 years of age) the presence of posterior fourchette lacerations is not diagnostic of sexual abuse. Posterior fourchette lacerations were as common in the sexually active adolescent population as in the sexually abused adolescent population (15) . This may reflect the tense pubococcygcus muscle in the adolescent. All of the laceration positive control adolescents complained of painful intercourse.
In the use of the test for identification of trauma, it is also important for the examiner to be aware of positive test results from other causes. These are inflammatory as well as benign or malignant vulvovaginal disease (16, 17) . A positive test in this circumstances demonstrates a more diffuse pattern of uptake.
It is further important to emphasize that the absence of detectable lacerations is common in sexually abused patients. The absence of lacerations in no way precludes the possibility of sexual abuse, neither does the presence of lacerations implicate the penis as the inflicting agent; fingers, foreign objects, even improperly handled examining specula may be indicated. As Lauber and Souma state, this emphasizes the importance of performing the toluidine blue test before vaginal digital or speculum examination (11) . The significance of toluidine blue positive findings, such as superficial lacerations, may be questioned in court, if the speculum portion of the genital examination or an insertion of the examining finger was performed before the dye application. Toluidine blue dye significantly increases the detection of posterior fourchette lacerations from 16% to 40% in adult rape victims (11) , from 4% to 28% in adolescent sexually abused patients, and from 16.5% to 33% in pediatric sexually abused patients (15) . The same applies to the examination and evidence collection in the perianal area and rectum.
Although the dye and destaining reagents are applied externally
and not intravaginally, it may be a concern, that they have deleterious effects on DNA typing results, if swabs are inadvertently contaminated. Therefore it is essential to be aware of the effects that can be produced by toluidine blue and the most common used destaining reagents. Toluidine blue has been found to be spermicidal (11) , and the spermicidal property of some surgical and vaginal lubricants is well recognized (19, 20, 21, 22, 23) . Apart from the fact, that toluidine blue has not been found to affect acid phosphatase levels in vitro (11), we are aware of no information relating to the possible effects of these reagents to the typing of DNA extracted from postcoital swabs. The purpose of the present study was to determine whether or not toluidine blue and various destaining reagents used in sexual assault examinations would have an adverse effect on the recovery of the high molecular weight DNA from semen recovered from postcoital vaginal swabs and thereby have an impact on restriction fragment length polymorphism (RFLP) analysis, or on PCR-based typing results.
Material and Methods
The following reagents were used in this study: 1% toluidine blue in aqueous solution (Chroma-Gesellschaft, Ktngen/N., Germany), Whole blood samples, drawn by venipuncture, were collected from five male and five female donors and stored in EDTA tubes. Control (reagent free) postcoital vaginal swabs were collected on cotton-tip swabs six hours after sexual intercourse from the five female donors (14 swabs per person). Immediately after collection, each reagent was added to a swab (one reagent per swab). Special care was taken to ensure that the entire swab was covered with the reagent. After air drying, samples were stored at -20~ until DNA analysis was carded out. Each swab was subjected to a differential DNA extraction as previously described (24, 25, 26) . The quantity of human DNA in all samples was determined using the slot-blot method described by Waye et al., and Walsh et al. (27, 28) , and by ethidium bromide agarose gel electrophoresis. RFLP-based loci D2S44, D4S139, D5Sll0, D10S28, and PCRbased loci TH01, TPOX, CSF1PO, were typed in this analysis according to methods previously described (29, 30) .
Results
High molecular weight DNA could be recovered from all postcoital vaginal swabs exposed to 1% toluidine blue in aqueous solution, 1-10% acetic acid, and the various vaginal and surgical lubricants, as well as from the corresponding reagent-free control swabs and whole blood samples. The quantity of human DNA recovered from the postcoital vaginal swabs exposed to the different reagents as determined by slot-blot analysis did not show any differences compared with the control swabs, neither were there any noticeable differences in the quality of recovered DNA between the postcoital vaginal swabs exposed to the different reagents and the control vaginal swabs, based on ethidium bromide agarose gel electrophoresis.
The RFLP profiles from control swabs and contaminated swabs were similar in all cases for all loci analyzed (data not shown). Based on the observed measurement error, the reagents had no effect on RFLP results (the range of all measurements for RFLP loci D2S44, D4S139, D10S28, and D17S26 was: Male fraction of control swabs to male fraction of contaminated swabs: + 0.51%, female fraction of control swabs to female fraction of contaminated swabs: -+0.59).
All samples were also subjected to PCR and typed for D1S80, HUMTH01, TPOX, and CSF1PO. The types derived from the contaminated swabs were consistent with those of the corresponding control vaginal swabs (Fig. 2) and whole blood samples from the donors. No false positive or false negative results were observed.
Discussion
In addition to the identification of an assailant by means of DNA typing in a case of sexual assault, documentation of any signs of trauma on a victim's body can be significant. The simple and inexpensive toluidine blue test is an appropriate method for providing physical evidence in cases of suspected sexual abuse. However, currently some limitations exist on the interpretation of toluidine blue positive findings as evidence of sexual assault, because there are only two studies that address the significance of the results by studying control subjects of different age groups 5, 6, 7, 8, 9, 10, 11; TPOX: 8, 9, 10, 11, 12; CSFIPO: 7, 8, 9, 10, 11, 12, 13, 14, 15 (11, 15) . This does not reduce the overall value of the test to detect and document genital injuries present at the time of examination regardless of the subsequent significance.
The test currently enjoys only limited use in Europe and the United States. By surveying hospitals and emergency departments that conduct sexual assault examinations, we discovered that the main reason for not using the toluidine blue test is a general lack of knowledge of its practicability in sexual assault examinations. Further, the necessary reagents are not provided in any sexual assault evidence collection kit currently distributed. In addition, some concern was raised about possible deleterious effects of the reagents on DNA typing results. For the toluidine blue test to become more used in sexual assault examinations, education about its value for the detection and documentation of genital injuries will need to be done. In addition, it would be desirable to gain more information regarding toluidine blue positive findings by studying control subjects. It is pertinent for the forensic science community to become aware of the possible effects the reagents on DNA typing results obtained from postcoital vaginal swabs, if swabs are contaminated inadvertently. Prior to this study, it was unknown whether or not recovered DNA inadvertently exposed to toluidine blue, 1-10% acetic acid or various lubricants used in sexual assault examinations might have been degraded. The data here demonstrate that DNA from sperm and nonsperm cells exposed to these reagents are still amenable to RFLP and PCRbased analysis for identity typing purposes. Furthermore, different brands of lubricants, which are not only used for destaining, but could be present as contaminants on vaginal swabs (e.g., from the insertion of a lubricated speculum), did not interfere with subsequent RFLP or PCR-based analyses.
